The authors studied the effects and population-level impact of short (<12 months) interpregnancy intervals on the risks for low (<2.5 kg) birth weight and preterm (<37 weeks) delivery of liveborn singleton infants to US African American, Mexican, Native American, non-Hispanic white, and Puerto Rican mothers (n = 4,841,418) from 1989 to 1991. Statistical analyses were done by using the Mantel-Haenszel correlation statistic chisquare test and logistic regression. The proportion of livebirths associated with < 12-month interpregnancy intervals was the lowest among non-Hispanic whites (18.5%, 95% confidence interval 18.5-18.5) and the highest among Native Americans (29.7%, 95% confidence interval 29.2-30.2). As compared with mothers with >12-month intervals, mothers with <6-month intervals had an approximately 50% to 80% increased risk of very low (<1.5 kg) birth weight delivery and a 30% to 90% increased risk of very preterm (<32 weeks) delivery. Logistic regression analyses showed that the adverse effects of short intervals were reduced by about 10% but remained for the most part significant after controlling for potential confounding by maternal age, education, parity, marital status, prenatal care, smoking, and previous preterm delivery. Am J Epidemiol 1998; 148:798-805. birth weight; ethnic groups; pregnancy outcome; risk
Racial disparities in pregnancy outcomes result in a number of important but poorly understood scientific and public policy problems. An extensive literature documents racial/ethnic differences in the risks for essentially all of the measured indexes of adverse pregnancy outcomes, such as fetal death, preterm (<37 weeks) delivery, low (<2.5 kg) birth weight, and infant mortality (1) (2) (3) (4) (5) (6) (7) (8) (9) . Most previous studies have focused on disparities in pregnancy outcomes between racial/ethnic groups rather than within each racial/ ethnic group. Nevertheless, heterogeneities that exist within racial/ethnic groups may have important scientific as well as public policy implications (10, 11) .
The length of the interval between pregnancies has been reported to be a determinant of the risk for adverse outcomes such as low birth weight, preterm delivery, and infant death in developing (12) (13) (14) (15) (16) and developed countries (17) (18) (19) (20) (21) (22) . A previous study has shown differences in the distribution and the effect of interpregnancy intervals on birth outcomes among African Americans and whites in the military (17) . However, to our knowledge the relation between interpregnancy intervals and the risk for adverse birth outcomes in different racial/ethnic groups in the US population has not been examined at the national level. This study compared the independent effects and population-level impact of short (^12 months) interpregnancy intervals on the risks for low birth weight and preterm delivery among five major racial/ethnic groups in the United States.
MATERIALS AND METHODS

Data
For this study, we used 1989-1991 birth data that we obtained from the National Center for Health Statistics (23) . For most livebirths, data on infant birth weight, gestational age, parental race or ethnic origin, and other sociodemographic characteristics, as well as a brief reproductive history, are available on CD-ROM. Prior studies of racial disparities in pregnancy outcomes have documented the independent associations of maternal and paternal race with the distribution of birth weights (24, 25) . Hence, to avoid the potential confounding effect of paternal race, we chose to study only those livebirths to parents of the same race (85 percent of all livebirths). Infants who had a birth weight of <500 g (0.1 percent of all livebirths) were excluded from the study population. After these livebirths were excluded, the study population (n = 4,841,418) consisted of singleton livebirths to mothers in five racial/ethnic groups-African American, Mexican, Native American, non-Hispanic white, and Puerto Rican-who had had a previous livebirth.
Data analysis
The National Center for Health Statistics (23) data included the intervals since the last livebirth, that is, the length of the interval between the last livebirth and conception of the reported birth plus the length of gestation of the reported birth. The length of gestation would confound the association of interval since last livebirth with low birth weight; that is, mothers who have a short gestation period tend to have a higher risk of low birth weight delivery and shorter intervals since the last livebirth.
To avoid such confounding, we computed a corrected measure of the interval between two pregnancies by subtracting gestational age from the reported interval since last livebirth. We then grouped the interpregnancy intervals estimated above into the ordinal categorical variables of <6, 6-12, and >12 months to study the relation between interpregnancy interval and risk of low birth weight and preterm delivery in each of the racial/ethnic groups.
Statistical analysis
We used the Mantel-Haenszel correlation statistic chi-square test (26, 27) to examine the association of interpregnancy intervals with low (<2.5 kg) birth weight and preterm (<37 weeks of gestation) delivery rates among each of the five racial/ethnic groups. Low birth weight was further categorized as very low (<1.5 kg) or moderately low (1.5-2.5 kg), and preterm was defined as very preterm (<32 weeks) or moderately preterm (32-37 weeks). We used logistic regression analysis (28) to examine the effect of short interpregnancy intervals on each of the outcomes, controlling for a number of potentially important sociodemographic and reproductive history confounders. Odds ratios were calculated from the parameter estimates of separate logistic models for each racial/ethnic group; the models included variables for the interval as well as for maternal age, parity, education, marital status, prenatal care, smoking, and previous preterm delivery. Finally, for each racial/ethnic group, we used the proportion of short (<12 months) intervals and the odds ratio for each adverse outcome associated with < 12-month intervals to calculate the attributable fraction among the exposed and the attributable fraction for the entire population (29, 30) . Attributable fractions provide quantitative estimates of the potential impact of short interpregnancy intervals on each adverse birth outcome for the five racial/ethnic groups.
RESULTS
Intervals of both <6 and 6-12 months occurred with the greatest frequency among Native Americans, followed by Puerto Ricans, African Americans, Mexicans, and non-Hispanic whites (table 1) . Thus, the overall proportion of livebirths associated with ^12-month interpregnancy intervals was the highest among Native Americans (29.7 percent, 95 percent confidence interval (CI) 29.2-30.2) and the lowest among non-Hispanic whites (18.5 percent, 95 percent CI 18.5-18.5).
For each of the five racial/ethnic groups, :S 12-month and particularly <6-month intervals were associated with statistically significant and substantial increases in the risks for low (<2.5 kg) birth weight (table 2) and preterm (<37 weeks of gestation) delivery (table 3) (Mantel-Haenszel correlation statistic jf, p values < 0.001). As compared with mothers with > 12-month intervals, mothers with <6-month intervals had a 50-80 percent increased risk of very low (<1.5 kg) birth weight delivery and a 30-90 percent increased risk of very preterm (<32 weeks) delivery. In each of the racial/ethnic groups, mothers who had (table 3) . On the other hand, intervals of 6-12 months appeared not to have a significant effect on the risk for low birth weight (table 2) .
In general, the magnitude of the effects of short (^12 months) intervals was similar among the racial/ ethnic groups. However, there was a tendency for larger increments in risks among Puerto Ricans and non-Hispanic whites and smaller increments among Native Americans. For example, for a <6-month interval for very preterm delivery, the odds ratios were 1.74 (95 percent CI 1.67-1.81) for non-Hispanic whites and 1.94 (95 percent CI 1.59-2.36) for Puerto Ricans as compared with 1.31 (95 percent CI 1.01-1.71) for Native Americans.
In most outcome categories and racial/ethnic groups, there appeared to be a dose-response relation between the length of the interval and the risk of adverse outcomes. For example, among non-Hispanic whites, the risk for very preterm delivery associated with a very short (<6 months) interval was 74 percent higher as compared with an interval of >12 months (odds ratio= 1.74, 95 percent CI 1.67-1.81), whereas the risk associated with an interval of 6-12 months was only 21 percent higher as compared with an interval of >12 months (odds ratio = 1.21, 95 percent CI 1.17-1.25).
Estimates for the attributable fractions in the population suggested that short interpregnancy intervals might have a greater impact on low birth weight and preterm delivery rates among African Americans and Puerto Ricans than among other racial/ethnic groups (tables 4 and 5), that is, that 8 percent of low birth weight and preterm delivery outcomes might be due to short intervals among African Americans and Puerto Ricans as compared with 4 percent among nonHispanic whites. This finding was almost entirely due to a greater proportion of short intervals among African Americans and Puerto Ricans than among other racial/ethnic groups except for Native Americans. Even though Native Americans had the greatest proportion of short intervals, the impacts of short intervals on the risks for low birth weight and preterm delivery among Native Americans were, for the most part, comparable with those among non-Hispanic whites, who had the lowest proportion of short intervals. This finding was due to lower attributable fractions among the exposed, or equivalently lower odds ratios, among Native Americans than among non-Hispanic whites or other racial/ethnic groups.
However, in contrast to other racial/ethnic groups for whom the odds ratios associated with an unknown cro interval (data not shown) were either statistically insignificant or at most only marginally (<10 percent) increased, the odds ratios for Native Americans were more than 30 percent higher for most outcomes (odds ratio of preterm delivery associated with an unknown interval as compared with an interval of >12 months = 1.34, 95 percent CI 1.11-1.61). Therefore, among the exposed, the odds ratios or attributable fractions associated with short intervals among Native Americans may reflect biased error in reporting, and the true impact of short intervals among Native Americans may be greater than our estimates suggest. Overall, the estimates for the attributable fraction in the population suggested that about 10 percent of very preterm (<32 weeks) delivery and 7 percent of very low birth weight, moderately low birth, and moderately preterm delivery outcomes may be due to short intervals.
We assessed the effect of a short interpregnancy interval on the risk of low birth weight and preterm delivery, controlling for the potential confounding effects of several sociodemographic and reproductive history characteristics. To do so, we estimated logistic regression models that adjusted the effects of short (^12 months) intervals on the risks of low birth weight and preterm delivery for the effects of maternal age, education, parity, marital status, prenatal care, smoking, and previous preterm delivery (tables 6 and 7). Results of logistic regression analyses suggested that the adverse effects of short intervals were reduced by about 10 percent but remained for the most part significant after controlling for other sociodemographic and reproductive history characteristics. Again, there appeared to be a dose-response relation between the length of the interval and the risk of adverse outcomes; for all racial/ethnic groups, very short (<6 months) intervals were associated with significantly greater risks than were intervals of 6-12 months. The only consistent exception to this pattern was for Native Americans, for whom, as noted above, the estimated odds ratios may have reflected substantial bias in reporting.
DISCUSSION
Our results suggest that the length of the interval between pregnancies has a similar and substantial effect on the risk of low birth weight and preterm delivery among five major racial/ethnic groups of mothers in the United States. Short (^12 months) and, in particular, very short (<6 months) intervals have a significant effect on risks for low birth weight and preterm delivery that are not due to confounding by maternal age, education, parity, marital status, prenatal care, smoking, or previous preterm delivery. Our es- timates suggest that, as compared with mothers with > 12-month intervals, mothers with < 6-month intervals had an approximately 50-80 percent increased risk of very low (< 1.5 kg) birth weight (odds ratios for the five groups ranged from 1.52 to 1.78) and a 30-90 percent increased risk of very preterm (<32 weeks) delivery (odds ratios ranged from 1.31 to 1.94). Results of logistic regression analyses suggested that the effects of short intervals were reduced by about 10 percent but remained for the most part significant after controlling for other sociodemographic and reproductive history variables. The proportions of births preceded by short interpregnancy intervals differed among the racial/ethnic groups. Native Americans, Puerto Ricans, and African Americans had the highest proportions of births preceded by ^12-month intervals. Approximately 30 percent of the births to Native Americans, and 27 and 25 percent to Puerto Ricans and African Americans, respectively, were preceded by short intervals as compared with 18 percent to non-Hispanic whites. Previous studies have shown an association between the frequency and duration of breastfeeding and interpregnancy intervals (31, 32) , presumably at least in part due to the natural contraceptive effect of breastfeeding. Therefore, some of the differences in the proportions of short intervals among the different racial/ ethnic groups may be attributable to differences in the frequency and/or duration of breastfeeding among the groups (33) (34) (35) . On the other hand, differences in the proportions of births with short intervals among the racial/ethnic groups may reflect differences in the distribution of socioeconomic determinants of fertility. In this context, important insights have come from economists who have shown how the interaction of factors such as family income, future prospects for earnings, and preferences regarding human capital investments can influence fertility choices that determine the number and spacing of births (36, 37) .
The association between short interpregnancy intervals and adverse birth outcomes may be due to several mechanisms. In undernourished mothers, nutritional depletion may contribute to intrauterine growth retardation during pregnancies that are preceded by a short interpregnancy interval. However, existing evidence suggests that in the majority of cases, this mechanism is not likely to explain the association between short intervals and low birth weight (38, 39) . Short intervals may also affect birth outcomes by not allowing sufficient time for "physiologic recovery" from the previ- * OR, odds ratio; Cl, confidence interval. t Adjusted odds ratio as compared with the reference group with an interpregnancy interval of >12 months obtained from logistic models, which included variables for maternal age, education, marital status, parity, prenatal care, smoking, and previous preterm delivery. ous pregnancy. That is, physiologic mediators such as the lagged effect(s) from hormonal and other changes associated with the previous pregnancy and/or childbirth may affect the course of the subsequent pregnancy if the interpregnancy interval is too short. This may explain the apparent dose-response effect of <6-month intervals having a greater effect on the risk of adverse birth outcomes as compared with intervals of 6-12 months.
Short interpregnancy intervals might also be associated with increased levels of stress among mothers who are already caring for other infants. In turn, stress during pregnancy has been shown to be related to an increased risk for adverse outcomes such as fetal death and preterm delivery (40, 41) . Another possibility is confounding by characteristics such as a history of fetal loss that might not have been adequately accounted for by the variables included in the logistic models. Therefore, high-risk mothers may be more likely to have short interpregnancy intervals; hence, the association between short intervals and adverse birth outcomes may be at least partly due to such adverse selection. Nevertheless, the finding for each of the racial/ethnic groups of a consistent and similar effect of short intervals on the risks for low birth weight and preterm delivery, an effect that is also robust to adjustment for several important sociodemographic and reproductive history characteristics including previous preterm delivery, suggests a lesser likelihood of significant confounding.
In their study of interpregnancy intervals in relation to low birth weight and preterm delivery among white and black women in the military, Rawlings et al. (17) suggested that short interpregnancy intervals may be an important factor in the wide disparity in pregnancy outcomes between white and black women in the United States. Our results suggest that the impact of short interpregnancy intervals estimated as attributable risks for the population was greater for African Americans and Puerto Ricans than it was for non-Hispanic whites. The attributable fractions were about 8 percent for African Americans and Puerto Ricans and 4 percent for non-Hispanic whites, primarily because the proportions of births preceded by short intervals were higher for African Americans and Puerto Ricans. Hence, the prevention of pregnancies preceded by short intervals would have a somewhat greater impact on the low birth weight and preterm delivery rates among these two groups. However, the magnitude of the differences in attributable fractions was far lower than the disparity in low birth weight and preterm delivery rates between African Americans or Puerto Ricans and non-Hispanic whites. Therefore, our results imply that at the national population level, short interpregnancy intervals do not account for a large proportion of the disparity in the low birth weight and preterm delivery rates between African Americans or Puerto Ricans and non-Hispanic whites.
While differences exist in both the proportion of pregnancies with short intervals and the magnitude of the effect of interpregnancy intervals on the risks for low birth weight and preterm delivery outcomes, the effects of short intervals appear to be similar and of a potentially substantial magnitude among all racial/ ethnic groups studied. As many as 10 percent of very preterm (<32 weeks) deliveries and 7 percent of low birth weight outcomes in the United States may be attributable to short interpregnancy intervals. However, because of the effect of unmeasured confounders such as household income, stress, or occupation and of community variables such as crime rate or housing conditions, our findings as well as others' may not represent the true impact of short interpregnancy intervals on adverse birth outcomes. In any case, it seems reasonable to suggest that preventive measures to reduce the rates of low birth weight and preterm delivery should include programs aimed at controlling fertility, promoting breastfeeding, and reducing the proportion of short intervals between pregnancies.
